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SOUTHWEST RESEARCH INSTITUTE

r , Fields of Activity and Experience

The fields of activities of Southwest Research Institute represent

present activities, know-how, or past performances in which we feel the

Institute has real capabilities. A summary of these facilities are shown

in the following two sl ...... ;

' FIELDS OF EXPERIENCE ,

SPECIALIZED FACILITIES

Southwest Research Institute is a not-for-profit research and

development organization, employing in the order of 500 professional, tech-

* nical, and supporting personnel with a paid research budget of over five

million dollars a year.

The Institute is constituted to provide a team approach in attacking

research and development problems largely in the physical sciences. Two

completely independent sister organizations provide consultation and research

f.cilities in the fields of medical research, animal husbandry and range

management. They are Southwest Foundation for Research and Education,

and Southwest Agricultural Institute.

Any inquiries concerning research, development, engineering, or

laboratory projects should be addressed to:

Southwest Research Institute

Project Development
A 8500 Culebra Road

San Antonio 6, Texas
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FIELDS OF EXPER IEN C E

This section is a tabulation of the abilities and activities
at Southwest Research Institute catalogued according to
scientific or engineering titles.

Many subjects in research and engineering involve several
disciplines and for this reason a single class of work may
be found under more than one heading.

I



Research and Development Source Inf o rm at io n

a. Architectural acoustics

b.' esign. of special purpose instrumentation

C. Eler-troacoustic analog techniques

?. requ&ency and space selective filters

e. H-ypers~ensitive sulbsftic- andi sonic measurement transducers

Int-,rlftitn f ac.oj.stiLC an8 electromagnetic effects

Noise abatemet and fteasu~ement

h. Physical acoustics, sound propagation, Lasic impedance
concepts and studies

1. Physical measuremnts by acouistic techniques

Pliysiologital an~d psychologicaj effects of sound

k. Pulsation stoppressors and sound stream absorbers

I. Special parpose nois-0 and pulsation generating sirens

n'i. Ultrasonics
Vesigit of transdtucers and coupling systemns
Nondestructive testinig
High power applications

. Ae rona~iti cal D Xnamics

a, jnalyticIlrgr-aj~s it! fW~ter cha~racteristics . airload
dislIbiltion, fluid fl~w, space flight,~ etc.

b. Experimental t~rparras Air design

C. Instrun-fenta.t$01 tdChincqu~s

d. Model fabrication and mniniaturization techniques

e. Wind tunnel testing

Best Available Copy



3. Aeronautical and Navigational Electronics

a. Cornmunicatton

b. Cooperative radio dtrectifrn fnding

ee Guida~Ace

e,, 13 UgtContral

f. gao

A. An 16gl a Dynamic

(SeS Fluid W'&GW tabomtory),

a. Electrical aualorv *? mochnaca sys.emvls

b. tri~t~t anlogs . eurjoatl and ?iydM41ilc systems inciding
pipIII:e,,sc4 i~et pumlinss and motors.
V9$Wes of flkert Incfut: rgqxprassor facilities,
afferft~ hyraulki and! feel syste mve missile fuel sys -

lem3* fternU (oiu~sr*'i cagineas

CO Speelal fontiongeaTomtors f~x geneal 'pupose analogs

5. Analy'~!eal CemTS4,vv m~d lastrtnettal Analys is

a. V~emlcal aL4d baogiCal analysts

b. FeC~rft1 nrAosce@py

co £IetetxrOn 3Sn laswirlYte

P! lanie. 1*othVrttrY

mlogp, C-P?.

f. lnrarec? sjpectrcistor)p

g. Mic? %r sp~in resemance

h. Raditatioij e1Teots

i. Trce an~sisBest Available Cori



* Ultrav'lolet

X-~ray diffracdofl

Ce Mield pattern aualysis

do I w r IT a W Im~ter n3, I'rildance measureMelts,

el Na If at? 'ansys~ft8s

go Sy wSlM tieVeliJerAent

I. 'TraVetizi vZCV% Uana s

j. UndetroUac! anjeqa,&

t, Unorthodox t~rAISraiss line retworYks

A pipl1ed Mv e Tia il I R~e sea rc h

a. rIow Capacity rf engines

b. EIvid Slow fuld 11ow machinery

C. rhglk tubqe IWgstigatiobs

d. Vibra ,ons, vibration isolation and balanr.ing

8. A tm o s p h e r e s (,qy~thetic and Controlledy

a. Biological

b. Study of life in r1cse~d space

C. Toxicological ana pollati.,ort studies

d. Trace contaminantsBetA albeC p



Alit omati oti

9* Copmptitatj~fj devieeg for CCntrot stemi.

&Ug% j~speej VoYS~is

0

Tx uat& eice 0r~ rcg Q1~

ftat g~uftluq a*4 f~tpe

IlydrodyumfoL &4c hyio9M2i bearh~gs

e* 2R1110i0019tarA%ing knategials, 1ubfcRt, arjf Jutkricatjin

f. *tfoIIp~eIqnftb ea9IiW MteL-1also Tu%.vca~ts, slid ubricatiQft

Ike "Uipnd 0ii99W&t4efe34rWp?

be 7sn*Rdc40ic dW&*seqot&4p

to Cftwth pr&oteIg fo4P p1?i~s tL~d a&lMMI til
40- a

1. Piilen s&Udjg&

~G9~ty s~iesBest Available Copy
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a* Ins trtimentat~oA

be fpeialC r~, a4hI&*A1rA& 87SW

13. %S, gk ie
tf4e if J9 ~e a 4 a&k~ ts&a 4 0 0
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0
14. af u S~aaw m1"e uk

SpSc1*uter~g dm~idpr.* 0

0 0
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V"90
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ftDeft~~t a4d1 ssta%isli ag jga4 sljor& range tompa4ly olo~ettives.

JD FdSjje6ng the Irnjat @?3P&9 ZdcTTqoW~.-t1 ee p4o~erAs ai4 t

trefds qW 3pchno4grdn iJnitft?A rnnie s anhd *cdifstrTe s

r 94%rSg a Vd r Mattnj %to"%4 4a t% I 1Os ?n~s~ 9 4d?a t o I-s

& uVdAti* d t**Ms*r~g fwa4T~aW.f,, fta15 1bt wah an3
6va UIR US~ tWltt*r VOr15 l2~ rtg r aPI

o 0
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0
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0 0
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A

Yligi #enjxtuW tedufUjW; V4&9s

e. a~tbc %90 9 Lbg n

f0 &9rjss~ee1o~nent 0

g. Pro~es s ftonc&i? 1 4h 9ft0

Process ftwSOTId

* h e m4 X c Ond IyLu&en~ A 1lelf TC

6g26cgs 4W4%4@A~pr spectjdpp ~j

It badt fts inu~e"W jPo~wSnax*

S. *4lx~a% ax* efttd in *R"e

00S.&bj* IhI'.VXM mcas eO!9~?~ Of d'ai"e law"&~I

0

xst&*iaQ fiv

Jn X 4 dAgm 0e~e
d ~ ~ ~ "AIS VAPICU siinnmMMwI0j
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Best Available COPY
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& q~~flf So1*r 4!t Q~'eqfs to P*Wnti~c

*o P 'ft d4I §Vel@psQ)#

LiS.ah .~2iIM'3~ &a~ A J

~E cP~a~~rals to deterrn~ L-*r *.

84atv4

to O% s Vt~Iat ROW

z6. Polsl~

%LJ~9~IA~ ki et~ng up eng?nes, fuels, and lubricants
ft~f~~b&A*~g~esor faigilities

%Odei#bi fi~ds Vflengines%4s a&I

~ ~.jmeta? reactions, S9Ag "Paprwjs

b TOWIVW~AW 4 bqieofs 0-or roslor~slitfts ~.t~L

00

b. 9?4erps

!nf9ed 9re~~e~~irdi~ est Available Copy,



evs Pssre 1r e ctIon &ng' n tLjnsTh~i (;p4s t4~ne s
0

f. Sefl04g~8tqddsria,$*ft~ design

29. D ir e4o Pt(. *9 ' n

a. Ana gs oDi~et~on Andet 0

b. Antennas ?or radio, Arect~on Inding

C. Aperiod~c qIrW'fts I.nd devices for wide band directolon ?Pnd?ng

d. E1e.tronft s~anning with oha3e and gain matched dtel Ahannel

'Instantancs cArection finding for riorpvpj9r ~ t

P * Inter?Lr'ng fields application of direction 1?IW

Miniatur~cltre~tion finding antennas

h. Mutitloop arrais

1. Pr%tW&n 4rg and measurements

QhiW* WOA s ys temrns 0 M F 0,Vf0

k. ~tat?s te a *r q4Wn ts o f dr Wfn f 41r p &%P *W"

1. J%&W olradio direlion tnffnge

(Sele -%~i 4ks V Fqt)
0

&*lop OWSrce4 s

01r

p~d~4s ree ! fer Qew or*nlr~vea e
p~de~t



Frss tethnical processe s,

pgjeripg nralegiats an11T~cS;R?4 te tces

* :ar a2]dl sbern0*ev roduct programs and.market

stg ae

b 4 eeoptg soulrces of new produ#,t ideas

R _ es@Vrces3 and Industrial Developinent

ae Wxp~orOng and evaluating naturally occurring and other economic

resources of geographical regions and trading areas

ID. Finaing and appraising oppbrtunities for star~n-Y r elcpandin-.

businesses

c. Finding and evaluating plant site locatii;

d. Measuring and forecasting the economic futRrOV" ajeas

and geographical regions

0
e. Utilizing and allocating economic resources in Irgaiizinf and

plAnning for industrial development

32. Electrical IAeasurements

a. Condfe is& mechanisms

b. Electrical properties of the earth at radio frequencies

c. Hall effect

d. Properties ef materials

e. Semiconductor properties

f. *Ture effect

0@
'33. Electrochemistry

a. Battery and cell studies

b. Development of special analyzing and plating techniques

Best Available Copy



34o A tj@,o g, tic_ Wase Propagation

I'" "sor gneasurements

0 . tAreq n of arrival measurements

CO  Elec magnetic wave propagation

d. Mlu atl measurements including direction finding *

eo Aa r ±'Ped s

"Ose measurements at MF-HF

% fa4zatioi measurements

I* P6*agaton theory for MF-HF- V HF

i. Surfafe wave theory and measurements

j. Underground or underwater propagation

k. Wave tilt measurements

-. a Countermeasures
8- Countermeasures)

wS#3& Electromechanical Devices)

a* jn ~% s aed wave propagation including direction finding

b. D~OW7 ling, analysis, and conversion systems
0

t. U6 4*4 and PM telemetering circuits and systems

V%& fxpeation circuitry

^;Aest;uctive testing devices and circuits
It) Automatic magnetic inspection circuitry
(2) Automatic ultrasonic inspection circul'trp

0 (3) Filmless X-ray, gamma, and neutron radiography
0 0 (4) Special combinational inspection circuitry

00
f. Rado frequency and microwave spectroscopy

g. Servo systems

d •Best Available Copy



eS

I'gn4 crrrelatfon systems

O gna 6&*&Wse detection systems

. %Se4ial purpose digital and analog computers
0

4 efiaj recognition and discrimination (signature) circuitry

1. Traiistor and vacuum tube circuits

L d7# Electromechanical Devices

(See %6 - Electronics)

a. Analg simulation techniques
(1) Electrical analogs of pneumatic and hydraulic systems

including piping, valves, compression equipment,
pumps, motors, Systems of direct interest: com-
pressor facilities, aircraft hydraulic and fuel systems,
missile fuel systems, internal combustion engines

(2) Electrical analogs of mechanical systems
(3) Special function generators for general purpose analogs

b. Data handling and conversion systems

c. High sensitivity pressure and seismic transducers

d. High speed scanning circuitry for autjmatic inspection

e. Plant automation

f. Self-referencing and zeroing mechanisms

g. Servomechanisms for special applications

h. Special purpose recorders and display units

i. Trajsducer design and development

j. °rransducers for physical measurements

Transistorized FM, AM, and PM, telemetering equipment
designed for minimum power dratn

$@
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38. Electr* h si*s a BasiP

See Jasic plsic Va Forat r&

a. Die#ectri9 asarpt~on gneasrements

b. Energ)P R ersion *

c. Gaseous Asharge phenomena

d. High power arcs and plasma physics

e. Microwave spectroscopy

f. Photoelectricity, luminescence

g. Physics of static charges

h. Thermal emission; hot cathode materials

39. Engine Evaluation

a. Automotive and aviation engines components and accessories

b. Performance of automotive, industrial, and marine engines

c. Performance of gas turbines

d. Test development

40. Engine Research

a. Basic research, design and development

b. Combustion chambers

c. Development of evaluation techniques

d. Engine component research and desigi

e. Engine performance analysis

f, Muffler and manifolds

g. Multifuel engines

h. Pisiton and piston rings

S U



Redesign of existing engines (including gas turbine) for* different
fuels 0

.pectalized ignition systems

lb stveo valve gear, and cam design and development

410 0V0r*n rr-ental Research

. aracteristics and effects of wurld environments

b. Dust and small particle research, mechanically generated dust
clouds

Equipment performance (including gas turbine engines) under
extreme temperatures

Laboratory evaluation and development of products to operate
under high and low temperatures, humidity, explosive

0 vapor, salt spray, rain, sand and dust, and high
altitude environments

Military equipment specifications and requirements

42. tn~ironmental Studies

a. Dwelling environment

b. Ordnance engineering research

43. Fire Technology

a. Analysis of combustion gases

b. Combustion inhibitors

c. Evaluation of flame spread characteristics

do Fie detection! suppressfon a&extiWi4vnt

e. Magnesium fires

f. Specialized fire proteetton p&Ala

g. Studies of fire hazards %ncmetoftlbf controt

h. Toxicity of combustion gases



44. "1 ryn4Am io a

a. 4006ifal afid ekperimental studiesS

% 'IDir si~nal analysis and model studies

7. 3 * wigs 9? Sompressible and incompressible flow

i 3 eaiqeal determination of flutter characteristics, aerodynamic
influence coefficients, aeroelastic characteristics

* Fbid amplifiers

t Fluid instrumentation and measurement

g. Liquid motions in fuel tanks

h. Pulsating flow mechanisms, measurement and suppression

i. Turbulence P-nd noise generating mechanisms and suppressions

45. Friction and Wear Re search

a. Cryogenic lubrication, friction and wear research

b. Dry-film lubrication

c. Dust erosion of gas turbine components

d. Friction and wear

e. Gear lubrication

f. High temperature lubrication, friction and wear research

g. Hydrodynamic and hydrostatic lubrication

h. Lubrication, friction and wear at high speeds

i. Rolling-element bearing lubrication

j. Seals

k. Sliding-element bearing lubrication

1. Vacuum lubrication, friction and wear research

i0



46. Fuels f46. eseg #6J * 4uricants)

a. Oce oil evaluation

b. Eleetrostatic effeqts in fuel flow

c. High density fuels

d. Mechanism of crankcase deposit dispersion

e. Separation methods for petroleum

f. Storage stability of fuels

g. Thermal stability of jet fuels

47. Fuels Evaluation

a. Aviation fuels

b. Diesel fuels

c. Motor fuels

48. Fuels Research

a. Aircraft engine fuels

b. Automotive engine fuels

C Carburetor detergency

d. Carburetor icing

e. Corrosion and compatibility

f. Development of evaluation techniques

g.. Electrostatic effects of fuel flow

h. Filtration and water separation

i. Fuel additives

j. High-energy fuels

* k. High thermal stability fuels

• ,S

So



S4e~g~hefue?sf0 b ISo Wewneratfre flow and pumpability

*. II egfrtife IAaracteristics

Ptril groperties

Pe Storage stability

49. Gear Research
(See #10 - Bearing Research)

50. Geologic, Geographic (terrain) and Environmental Studies
of Areas

51. Geophysics

a. Aerial reconnaissance and prospecting methods

b. Arctic geophysical instrumentation

c. Detection of shallow buried objects

d. Gravity instrumentation and gravitation research

e. Lunar and planetary geophysical studies

f. Magnetic, thermal'and acoustic studies of soils

g. Metallic and nonmetallic mineral prospecting methods

h. Oceanographic instrumentation and research

i. Petroleum prospecting methods

j. Polar- region geophysical studies

k. Seismic and electrical measurements of ice thickness

1. Three-dimensional electrical and electrostatic systems

0



52% Heat Of ransfer Research
0

a# Heat conduction

b. Heat engines, compressors and blowers

c, Heat transfer and mass transfer

d. Liquid metals research, with special emphasis on thermo-
dynamic, heat transfer and compatibility properties

e. Theoretical heat transfer analysis

f. Theoretical thermodynamic analysis of unconventional engine
cycle and proDplsion systems

g. Thermal shock

h. Thermodynamic properties

53. High Tempe rature Chemistry (to 10, 000F)

a. Fast quenching of high temperature mixtures

b. Production of low entropy compounds from high entropy mixtures

c. Thermodynamic computations

54. High Temperature Physics

a. Ablation phenomena at high heating rates

b. $ Design of high thermal flux testing equipment

c. High temperature reaction mechanisms and kinetics

d. Materials evaluation at high heating rates (up to approximately
600 cal/cmZ/Sec(2300 BTU/ft 2 /Sec)

e. Measurement of thermophysical properties of materials at high
heating rates and temperatures

f. Physical and chemical behavior of very hot surfaces

g. Sublimed refractory films

h. Thermal diffusivities at very high thermal gradients



'Thermal flux generation and measurements

j, Thermally-induced stress waves

55. Hydraulic Fluids Research

a. Development of evaluation techniques

b. Liquid metals and nonmetals

c. Lubrication characteristics

d. Organic fluids

e. Physical properties

56. Information Theory

a. Communication techniques

b. Correlation techniques

c. Data handling techniques

d. Filter design

57. Infrared

a. Analysis of radiation from missile and rocket power units

b. Image converters

c. Scanners

d. Systems

58. Instrumentation
(See #5 - Analytical Chemistry & Instrumentation Analysis)

a. Acoustical transducer developmentS

b. Audio sonics instrrnentation

c. Arctic eophysical instrumentation

d. Electrical and electronic medical Pnstrumentation



0

e FAeltromagnetic wave measurements instrumentation

Geologtal instrumentation

0 Radio frequency resonance absorption spectroscopy
(MMA, EPR, NQR, and NMR) specialized equipment

h. Seismic transducer development

59. Interference Reduction

Analysis and elimination of electromagnetic radiation from
electrical and electronic equipment

60. Lasers

a. Continuous and pulsed lasers

b. Use of arc imaging furnace for continuous existation of ruby lasers

61. Liquid Metals Research

a. Compatibility characteristics of liquid metals

b. Lubrication with liquid metals

c. Thermophysical properties of liquid metals

62. Literature Surveys

a. Critical appraisal of literature source materials

b. Literature reference studies to develop background information
as to the existence and extent of previous work in the
fields of engines, fuels, lubricants and materials

63. Lubricants
(See46 - Fuels)

a. Corrosion characteristics of synthetic lubricants

b. Crude oil evaluation

c- Developmcnt of thixotropic fluids and lubricants

d. High temperature lubricants

e



e High temperature stability of synthetic lubricants

f, ....... Low temperature flow characteristics of synthetic lubricants

g. Lubricating oil additives
S

h. Mechanism of crankcase deposit dispersion

i. Separation methods for petroleum

64. Lubricant Evaluations
(See #45 - Friction and Wear) (See #47 - Fuels Evaluation)

a. Aircraft

b. Diesel engine lubricants

c. Gasoline engine lubricants

d. Industrial lubricants

e. Marine engine lubricants

65. Lubricant Research

a. Aircraft engine lubricants

b. Automotive lubricants

c. Corrosion and compatibility

d. Development of evaluation techniques

e. Greases

f. High thermal stability lubricants

g. Impact sensitivity of lubricants in contact with missile fuels and
oxidizers

h. Jet engine lubricants

i. Low-temperature flow and pumpability

j. Lubricant additives
i 0

i-

UT



k. Lubrication characteristics

... I. Missile engine lubricants

M. Organic and inorganic liquid lubricants

n. Physical properties

o. Radiation resistant lubricants

p. Solid lubricants

66. Maanetic s

a. Generation of extremely uniform fields

b. Instrumentation

67. Marketing and Marke t Research

a. Analyzing and forecasting factors affecting industrial product
distribution and market penetration

b. Analyzing and forecasting market position of individual companies
in relation to competition

c. Analyzing and forecasting market and profit potentials

d. Analyzing and forecasting supply and demand for industrial
products, technical processes, engineering materials
and Lechnical services

e. Analyzing and forecasting trends in product acceptance

f. Determining and forecasting effect on product acceptance of
engineering and technical design features

g. Determining and forecasting trends in industrial product pricing

h. Determining product uses and product needs*

i. Identifying companies, industries and persons who control or
influence industrial product purchase and use

6 •
a



j. Identifying technological factors influencing the purchase and use-
of industrial products, technical processes, engineering
materials and technical services

k. Organizing company sales and distribution functions for maximum
market penetration

68. Masers
(See #60 - Lasers)

69. Materials Development Experience

Forming

b. Melting in various types of furnaces

c. Metal fabrication techniques

d. Rolling

70. Materials Engine ering

a. Alloying behavior of refractory metals

b. Crystallography of precipitation

c. Lattice defrLLs, imperfections in crystals

d. Light metals and special purpose alloys

e. Metal fiber reinforced materials

f. Phase equilibria and transformations

g. Plastic deformation, fatigue, fracture, brittleness, textures

h. Transport phenomena, diffusion, sintering, heat treatment

i. Special metal joining problems

71. Mechanics and Mechanical Development

a. Abrasive machining

go. Automatic apparatus

ai
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00

c. Correlation oi vibrational characteristics to dynamic stress

d. Design and development of special equipment and techniques

e. Drilling equipment and techniques

f.. Dynamic pressure and fluid flow - measurement, control, damping

g. Mathematical analysis of vibPation, application of impedance
coneepts and model studies

h. Mechanical instrumentation development

I Shock nd -4 - radur. development, spc ..'.. po
recorders.

j. Test apparatus

k. Vibration measurement and suppression

72. Metallograph,

a. Evaluation of service failures

b. Phase identification and distribution

c. Structure examination

73. Mexico
(See #15 - Business and Industrial Development in Mexico

74. Mineralographic (Microscopic Studies)

a. Determination of proportions of various minerals present in
granular material

b. Identification of metallic minerals and texture of metallic ores

75. Naval Dynamics

a. Hydroelasticity and slamming •

b. Hfdrofoils

c. Ship metions and stability



I

76. Navigational Electronics

(See #3- Aeronautical and Navigational Electronics)

* 77. Nondestructive Testing and Inspection

a. Automatic electronic systems

b. Defpct recognition and discrimination systems

c. Magnetic, eddy current, and ultrasonic testing techniques for
testing metals and nonmetallic materials

d. Magnetoabsorption techniques for testing ferromagnetic materials

e. Mechanical

f. Radiofrequency resonance absorption spectroscopy specialized
equipment and technique development for testing metals
and nonmetallic materials

g. Radiography (X--ray) (See Gamma Radiation Laboratory)

h. Thermal techniques for testing metals and nonmetallic materials

i. Ultrasonics

78. Nonmetallic Mineral Processing and Plant Design

79. Nuclear Physics

a. Neutron and positive ion activation analysis

b. Special purpose detectors with associated telemetering

c. Use of tracers in process controls

80. Optics

a. Electron microscopy

b. Emission and absorption spectibscopy

c. High-intensity light generation and applications

d. *Optical absorption and emissivity measurements



71V

e. Optical density or brightness measurements with high speed
scanning -and display

Optical masers

echiiererm systems

h. *eRa 9 purpose optical system design with associated electronic

an8#or electromechanical controls, displays, etc.

81.nt emst! L xperience and Abilities

a. Catalys?s - Wietalfics, nonmetallics, compounds. catqhrRt F-ysterns

b. Allulose chen-Astry

C. Coatings technology

d. Condensed aromatic ring high density fuels

e. Development of antioxidants and antidegradants

f. Elastomer evaluation

g. Finishing materials, preservatives

h. Food chemnistry

i. nsecticides

j. Organometallics

k. Petrochemicals

1. Plant chemistry and plant biochemistry

M. Pcymers, applications, synthesis, modification

n. Synthests of new compounds by hydrogenation, chlorination, and
other reactions of various functional groups

82. Pet rograp~hif (Mic ros copic ) Studiesa

a. Cemen~and obher mrazlfactured inorganic materials

00



1~ -i
c. Minerals and rocks - identification of complex mixtures of

minerals-----------.

d. Soils or dust for mineral content, physical and chemical

characteristics and abrasiveness

%3. P% sleva tn-d aIpojgac Nemistry

a. Ben~s e rooess studies

4o. Cablyst evaluation

9. thezostr4and processtng of sulfur

d. CAooid chemistry of drilling mud additives, clays and gels

e. High pressure adsorption

f. High pressure compressibilities of gases and liquids

g. •Hydraulic fluids

* h. Kinetics of chemical reactions

i. Measurements of physical properties of solutions

j. Phase rule studies and applications

k. Solubility equilibria at high pressure

I. Studies of nun-Newtonian fluid systems

m. Survey of chlorates and perchlorates

n. Thermal decomposition of liquids *

84. Physical Measurements

a. Measurement of high-intensity thermal radiation

b. Physical parameters in solids by ultrasonic methods

c. Shock and vibration recording and analysis

0 d. Very low frequency acoustic measurements

e. Vibrating-wire transducers for measurement of pressure,
temperature, acoustic signals-, and vibration



f. Volume, density, and viscosity measurement by acoustic means

' 85. Physics
(See #19 - Chemical Physics)
(See #38 - Electron Physics - Basic Physics)

(See Basic Physics Laboratory)

86. Pollution

a. Automobile exhaust

b. Biological effects

c. Cities

d, Development of analytical techniques

e. Effects of vegetation

f. Industrial problems

g. Particulate analysis

h. Rivers and harbors

i. Superactivated sludge process

j. Toxicological and corrosion studies

87. Power

a. Basic sources

b. 0 Conversion

c. Distribution

d. Suppression of radiation from power systems

e. Transmission

88. Pressure Vessel Research

a. Cyclic pressure tests

b. Noncvlindrical shells of revolution

0|
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c. Submarine hull design_

d. Thermal stress distribution inpressure vessels

e. Underwater exploration equipment

89. Process Development and Pilot Plant Studies

a. Biological processing

b. Burner efficiency

c D-t co-ntrol

d. Encapsulation processes

e. Floor tile formulation and evaluation

f. High energy materals

g. Hydrocarbon separations

h. Liquid petroleum gas problems

1. Natural gas processing

j. Particle entrainment and separation

k. Particle size determination

1. Permeation processes and industrial applications

m. Plant diversification

n. Plant waste disposal

o. Process evaluations and control

p. Saline water conversion

q. Sulfur recovery processes

r. Water evaporation control
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90. Propellants and High Energy Materials

a. Analyses of propellants such as:

(1) Analysis of propellants by nuclear spin resonanceand other techniques

(Z) Catapult (seat ejection) studies
(3) Corrosion studies
(4) Kinetics of curing reactions
(5) Leak detection in rocket an.d fuel systems

(6) Quality control
(7) Surveys and theoretical analyses
(8) Theoretical studies

Toxicity studies

b. Boron, boron-beryllium and lithium based fuel experience

(1) Evaluation
(Z) Pilot Plant
(3) Synthesis

c. Microencapsulation of propellant components

91. Protective Equipment

a. Alarm systems

b. Detection systems

c. Special control systems

92. Quantum Electronics and Mechanics

a. Masers (Microwave and optical)

(1) Low noise amplifiers
(2) High stability oscillators
(3) Coherent light sources

b. Nuclear and electron spin resonance

c. Nuclear quadrupole resonance

d. Resonant emission and absorption of radiation

e. Semiconductor mechanisis

f. Tunneling eiect Q



93. Radiation Effects Research
(See #34 -Electromagnetic Wave Propagation)

a. Effects of gamma radiation on fuels and lubricants under dynamic
operating conditions

b. Effects of gamma radiation on static samples, animate and
inanimate

c. Radioactive tracer applications to wear studies on fuel and
lubricant additives; piston ring, cam follower and gear
wear; oil filters and filter media

94. Refrigeration

a. Advance absorption refrigeration cycle development

b. Basic studies on relation of molecular structure to properties
6 of absorbents and refrigerants

c. Development of equipment

95. Reliability and Quality Control

a. Optimum design

b. Reliability systems analysis

c. Special testing

96. Road and Field Evaluation

* a. Climatic effects as produced by variations in humidity, tempera-
ture, altitude, and solar radiation

b. Driving condition effects

c. High speed cornering evaluations of vehicles and tires

d. Research and evaluation of fuels, lubricants, greases, tires,
and other components, and automotive vehicles.

97. Sanitary Engineering
(See #86 - Pollution)

Waste treatment and disposal system

S
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98- . Design of foundations for unstable soil

0 b. Investigations of strength of rock under. triaxial load

c. Studies of stabilization and trafficability

d. Theoretical studies of soil behavior under static and dynamic
loads

0 99. Sonics

a6. Analysis 0

b. Instrumentation

c. Systems development

d. Ultrasonic imaging

e. Ultrasonic pro agation

100. Space Electronics

a. Communications and telemetry
0

b. Instrumentation

101. Strength of Materials and Structures

a. Cyclic pressure tests for pressure vessels, nozzle connections
and reinforcement

b. Creep, stress - rupture, and fatigue properties

c. Experimental stress analysis for design evaluation, defects,
failure

d. Failure theories

e. Fatigue test and analysis

f. Investigation of strength of solid propellant grains

g. Photostress and photoelastic analysis
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h. Research into properties of materials under dynamic loading

i. Thermal stress characteristics

102. Structural Research

a. Airport runway designs

b. Analysis of blast resistant structures

c. Analysis of stiffened thin shells

d. D esigin of of.ahor. drillng facilities

e. Design of reinforced plastic structures

f. Evaluation of blast loading on aircraft, ships, and structures

g. Feasibility studies for structures of deep diving subxnaries

h. Improved concrete floor slabs for unstable soil

i. Optimization of flat slab design criteria

j. Prestressed concrete and structural components

k. Structural design of ships

1. Studies of buckling strength of structures

103. Submarine Design

a. Design and development of cargo submarines

b. Oceanographic research vehicles for operation at great depths

c. Sandwich construction

104. Surveys (Technical and Economic) of Mineral Deposits
Metallic, Nonmetallic and Solid Fuels

a. All phases of mineral development, from exploration through
processing and marketing

b. Mineral audits and surveys by county, state or country



105. Systems Analysis

a. Feasibility .

b. Optimum design

• - ~C. Over-all performance ...

d. Specifications

106. Thermal Dynamics Analysis

a. Determination of modeling techniques to study temperature
and thermal stress distribution in engine parts.
pressure vessels and structures

b. Heat transfer studies

c. Theoretical and experimental studies of thermally induced
stress wave propagation

107. Thermodynamics

(See #52 - Heat Transfer Research)

(See #53 - High Temperature Chemistry)

108. Training Devices

a. Instrumentation

b. SimuLators

109. Transducers

a. Development of special acoustical transducers for liquid, solid
and gas media

b. Electroacoustic •

c. Electromagnetic

110. Ultrasonics

a. Imaging

b. Ins trumentation

00
C. Propagation



1 II, Vehicle Dynamics

Vehicle dynamic studies including steering, mobility, and
tracking.. . .. . . . . . . . ..

* 112. Vibration and Dynamics

a. Shock and impacteeffects upon structures and materials
0

b. Theoretical and experimental analyses of stress wave

propagation

c. Vibration analyses of all types of structures

d. Weapons effects on buildings

113. Welding

a. Development of semi-automatic and automatic techniques

b. Evaluation of effects of welding on materials

c. Flux and electrode coating analysis and development

00
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SPECIALIZED FACILITIES

Southwest Research Institute has approximately 168,000 square feet of floor
space dedicated to research, development, and engineering.

While it is impractical to describe all of the Institute's facilities in detail,
certain of them, such as those listed hereafter, are somewhat unique and not
normally available in research organizations.

II
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BALLISTICS LABORATORY

This is an experimental laboratory equipped for research and develop-
ment on propellants and propellant containing devices such as rockets, gas
generators and catapults. It contains a special loading room for handling explosives
and propellants and a static firing stand with high response electronic measuring
and recording equipment. Special underground storage facilities are nearby.

BASIC PHYSICS LABORATORY

Basic Physics uses the instrumentation of Chemical Physics and the
Solid State laboratories for the study of molecular spectroscopy. Apparatus of
various types is available for the study ot solid chemical aosirneters, thin films
study, battery research, optics, and organic semiconductors, as well as the con-
ventional types. A Bausch and Lomb Dual Grating Spectrograph and accessories
are part of the equipment available.

CHEMICAL PHYSICS LABORATORY

This laboratory is equipped to do work on photoconductivity of biological
and chemical systems, as well as free radical and unpaired electron investigations.
Included are studies on cancer, chemical kinetics, electron transport, molecular
structure, research on characterization of rocket propellants, as well as functional
automation problems dealing with chemical processes such as rocket propellants
and moisture in starch.

This is one of the best trained and equipped Spin Resonance laboratories
in the country. It includes broad line nuclear magnetic resonance, high resolution
magnetic resonance, electron paramagnetic resonance equipment of various types,
both purchased and constructed therein.

An RCA electron microscope is available for studies of solid state phe-
nomena, X-ray and electron diffraction equipment for the study of crystalline
materials. Solar and arc -imagine furnaces capable of over 600/cal/cmz
(2300 BTU/Sgfsec) per second are available for the study of absolute surface
temperatures of materials and investigation of ablation phenomena on re-entry
problems, as well as the investigation of phase changes of materials at elevated
temperatures.

CREEP TEST FACILITY

A special facility has been constructed in which the effect of creep on
the collapse strength of shells subjected to external pressure up to 200 psi andtemperature up to 500°F can be determined.
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DIRECTION FINDING LABORATORY

This unique laboratory is fully equipped and staffed to evaluate the
performance of direction finding equipment, new direction finding methods, and
has specialized in problems arising inthe field of high frequency, and very high
frequency, noncooperative direction finding. Of particular interest has been
work utilizing unorthodox multiloop antenna arrangements to reduce error under
adverse siting conditions. Experienced investigations are available for wide
aperture arrays and Beverage arrays.

Equipment is available which can simulate reradiated and interfering
field configurations, such as exist on shipboard, for the purpose of predicting
antenna performance prior to shipboard installation. The laboratory also has
avai1ah1e ro-w bearing error calibraion .... quipir-erL wiikh may be used with a
variety of direction finding equipment. The laboratory includes a rigidly con-
trolled 160-acre site for performance and experimentation tests.

DUST ANALYSIS LABORATORY

This laboratory is instrumented to conduct research into the physical
characteristics of any type of powdered material. It includes a Sharples Micro-
merograph and Roller Particle Size Analyzer, isokinetic dust sampler, petro-

graphic analytical equipment, and submicron particle evaluation apparatus. A
dust tunnel is equipped for the measurement of abrasive, errosive, or penetrative
effects of powdcr and is able to integrate wind velocity, temperature, and
humidity into any evaluations made.

ENVIRONMENTAL RESEARCH LABORATORY

Small test chambers are available for conducting high temperature, low
temperature, humidity, salt spray, altitude, explosion, and dust tests. The
laboratory has been qualified by the Air Force to conduct certain environmental
tests. Its personnel are quite familiar with effects of the various environmental
factors and are able to assist in the development of material required to withstand
environmental extremes.

FIRE RESEARCH LABORATORY

This laboratory is equipped to conduct experimental and applied research
directed toward the definition of fire hazards, the development of fire test mneLhods,
and product development for improved performance under fire exposure.

Large scale facilities are available for evaluating flame spread and fire
resistance of building constructions. These include a 25' flame spread tunnel
furnace, a 30' beam furnace and a 20' x 60' structure for evaluating floor, roof,
and roof iraming systems.



FLUID FLOW LABORATORY

Special design service can be provided for pneumatic, hydraulic
systems including piping, compression equipment, pumps, and motors.

Special purpose analogues and compressible flow facility are avail-

able for this type of analysis and design work.

GAMMA RADIATION LABORATORY

This laboratory and its radiation source is unique in that it can supply
gamma fluxes of the order of 107 Roentgens per hour. The facility is designed

to be widely adaptable to the irradiation of materials, dynamic test rn~rbinery,
and biological specimens.

The source can be quickly stored and its 32 radiation tapes easily
handled with manipulators. All of the activities are at ground level - visible
and not reqeairing water shielding - which permits a flexibility found only in
this radiation effects laboratory.

0

HIGH-TEMPERATURE FUELS RESEARCH LABORATORY

This laboratory has unique facilities to conduct research on the stability
of liquid fuels at high temperatures. Both "non-flow" and "flow" type test
apparatus, capable of subjecting liquid fuels to temperatures exceeding 1000°F
are available for various research applications.

HIGH -TEMPERATURE LUBRICATION RESEARCH LABORATORY

This laboratory is equipped to conduct research on the lubrication of
gears, bearings and other sliding devices, at high speeds, loads and temper-
atures. Available are a gear research machine capable of operating at speeds
up to 30,000 rpm (460ft/sec pitch-line velocity), temperatures up to 800 OF,
and tooth loads up to 6000 lb/in. ; a "dry" journal bearing test machine capable
of operating at temperatures up to 20000 F and at vacuums up to 10-6 mmHg;
and a research apparatus for basic studies of lubrication and friction phenomena
under cryogenic conditions. The laboratory has also developed numerous test
devices to study the thermal and oxidative stability of liquid lubricants at high
temperatures.

t



HIGH- TEMPERATURE PHYSICS LABORATORY

This facility is designed to provide a pure thermal flux input to materi-
als at rates of 600 cal/cm?/sec (2300 BTU-&tZisec). Instrumentation is provided

for accurate -control of heating rate and duration of exposure of samples, for
measurements of temperature-time history in samples, for high speed photo-
graphy at samples under test, and for obtaining emission and absorption spectra
from samples and ablation products. Black body calorimetry is used for cali-
bration. Provisions are included for control of pressure and chemical composition
of the atmosphere surrounding the irradiated sample

The facility is especially applicable to the determination of the thermo-
physical properties of materials, studies of thermal ablation phenomena and
evaluation of materials for high-temperature application.

The 500 kw continuous 'ating rectifier which supplies power to the electric
arc which serves as the source of thermal flux is adaptable to a variety of problems -

including the development of high-temperature chemical processes and plasma
physics.

MICRO-VIBRATION ANALYSIS FACILITY

This facility is designed to provide generation, measurement, and
analysis of extremely small amplitude vibrations in the sonic and subsonic range.
Instruments are available for the measurement of vibration amplitude in the order
of 10 . 9 cm.

MINERAL EVALUATION FACILITY

This unit is outstanding for its personnel and facilities for dealing with
evaluation and treatment of hard minerals. A specialty is work in the field of
ceramic, raw materials for the glass, structural clay products, refractories,
whitewares, construction materials, and related industries.

NONDESTRUCTIVE MEASUREMENTS FACILITIES

These special skills and facilities are well-known for the use of elec-
tronic, spin resonance, magnetic, eddy current, and ultrasonic techniques in the

development of nondestructive methods of measurement, analysis, and process
controls.

i.
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ORDNANCE CORPS FUELS AND LUBRICANTS RESEARCH LABORATORY

A fuels and lubricants laboratory is operated by an Institute Staff exclu- -sively for the Office of the Chief of Ordnance. Facilities for chemical, bench and
engine laboratory research are applied to the development of fuel and lubricantqualification techniques; investigation of new product performance and fundamental
studies of fuel, lubricant and additive performance phenomena.

PILOT PLANT ROTARY KILN

This unit is 12' long by 14" I. D. with provisions for variable rotationalspeed, slope, and low or moderate temperature (Z200'F maximum) conditions.

PRESSURE VESSEL RESEARCH LABORATORY

Two test facilities are available, one capable of exerting 10, 000 psi and
the other 4,000 psi, external pressure on a submarine model or model of anoceanographic research vehicle. A cycling device is also available which cansupply as many as 5 pressure cycles per minute.

These facilities were used in the design of the well-known 15, 000 foot
deep-diving submarine, Aluminaut.

SHOCK TUBE FACILITY

A shock tube facility has been developed for the study of rapid gas-
phase chemical reactions such as partial oxidation and combustion reactions.
This "shock-quench reactor" subjects a gaseous mixture to a pressure-
temperature pulse of known intensity and brief duration. Heating is achieved
by the passage of a shock wave through the gas, and subsequent cooling is ac-complished by passage of the shock gas through a stationary expansion wave.The nature and extent of the induced reactions are detected by appropriate ob-
servations during the reaction interval or by subsequent examination of the
reaction products, such as by means of gas chromatography. Reaction times
in the range of one to three thousandths of a second can be employed with
reaction temperatures and pressures up to 3000*F and 150 psig, respectively.
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